Although gout is the most common inflammatory arthritis, it is still frequently misdiagnosed. New data on imaging and clinical diagnosis have become available since the first EULAR recommendations for the diagnosis of gout in 2006. This prompted a systematic review and update of the 2006 recommendations. A systematic review of the literature concerning all aspects of gout diagnosis was performed. Recommendations were formulated using a Delphi consensus approach. Eight key recommendations were generated. A search for crystals in synovial fluid or tophus aspirates is recommended in every person with suspected gout, because demonstration of monosodium urate (MSU) crystals allows a definite diagnosis of gout. There was consensus that a number of suggestive clinical features support a clinical diagnosis of gout. These are monoarticular involvement of a foot or ankle joint (especially the first metatarsophalangeal joint); previous episodes of similar acute arthritis; rapid onset of severe pain and swelling; erythema; male gender and associated cardiovascular diseases and hyperuricaemia. When crystal identification is not possible, it is recommended that any atypical presentation should be investigated by imaging, in particular with ultrasound to seek features suggestive of MSU crystal deposition (double contour sign and tophi). There was consensus that a diagnosis of gout should not be based on the presence of hyperuricaemia alone. There was also a strong recommendation that all people with gout should be systematically assessed for presence of associated comorbidities and risk factors for cardiovascular disease, as well as for risk factors for chronic hyperuricaemia. Eight updated, evidence-based, expert consensus recommendations for the diagnosis of gout are proposed.
AbsTRACT
Although gout is the most common inflammatory arthritis, it is still frequently misdiagnosed. New data on imaging and clinical diagnosis have become available since the first EULAR recommendations for the diagnosis of gout in 2006. This prompted a systematic review and update of the 2006 recommendations. A systematic review of the literature concerning all aspects of gout diagnosis was performed. Recommendations were formulated using a Delphi consensus approach. Eight key recommendations were generated. A search for crystals in synovial fluid or tophus aspirates is recommended in every person with suspected gout, because demonstration of monosodium urate (MSU) crystals allows a definite diagnosis of gout. There was consensus that a number of suggestive clinical features support a clinical diagnosis of gout. These are monoarticular involvement of a foot or ankle joint (especially the first metatarsophalangeal joint); previous episodes of similar acute arthritis; rapid onset of severe pain and swelling; erythema; male gender and associated cardiovascular diseases and hyperuricaemia. When crystal identification is not possible, it is recommended that any atypical presentation should be investigated by imaging, in particular with ultrasound to seek features suggestive of MSU crystal deposition (double contour sign and tophi). There was consensus that a diagnosis of gout should not be based on the presence of hyperuricaemia alone. There was also a strong recommendation that all people with gout should be systematically assessed for presence of associated comorbidities and risk factors for cardiovascular disease, as well as for risk factors for chronic hyperuricaemia. Eight updated, evidence-based, expert consensus recommendations for the diagnosis of gout are proposed.
InTRoduCTIon
Gout is caused by prolonged hyperuricaemia which leads to the formation of monosodium urate (MSU) crystals that accumulate in joints and other tissues. 1 It is recognised as the most common form of inflammatory arthritis, 2 with a prevalence of 0.9% to -2.5% in Europe, 3 4 3.9% in the USA 5 and over 6% in some Oceanic-Pacific ethnic groups. 6 7 The natural history of MSU deposits evolves through a number of stages: asymptomatic MSU crystal deposition during which people have MSU crystal deposition in the absence of gout; gout defined by MSU crystal deposition and clinical disease elements such as gout flare, chronic gouty arthritis and tophi. If present, recurrent gout flares are separated by asymptomatic intervals named intercritical gout. 8 9 Despite effective treatments, gout is still often misdiagnosed and its management remains suboptimal. 3 10 11 This may explain why the premature mortality among patients with gout remains unimproved over the last decade. 12 In 2006, the EULAR produced its first evidencebased recommendations for the diagnosis of gout. 13 The 2006 task force agreed that detection of MSU crystals in synovial fluid (SF) was the gold standard for the diagnosis of gout. Since then, a number of studies have explored the diagnostic value of clinical algorithms and of imaging modalities such as ultrasound (US) or dual-energy CT (DECT). This prompted a revision of the 2006 recommendations following an updated systematic literature review (SLR) and a Delphi process to achieve consensus.
MeTHods
With the approval of the EULAR executive committee, the convenor (TB) along with two coconvenors of the 2006 task force (MD and EP), an epidemiologist (FT) and an academic rheumatologist (PR) formed a steering group to update the 2006 EULAR recommendations for the diagnosis of gout.
This EULAR task force comprised 15 rheumatologists, 1 musculoskeletal radiologist, 2 general practitioners (GPs), 1 research fellow, 2 patients and 3 experts in epidemiology/methodology from 12 European countries. The recommendations were developed according to the standardised operating procedures for the elaboration, evaluation dissemination and implementation of recommendations endorsed by EULAR. Table 1 Final set of eight recommendations for the diagnosis of gout 14 (see online supplementary material 1). Next, the task force members attended a 2-day meeting during which results of the SLR were presented in an aggregated form. The task force debated and evaluated the evidence presented and formulated a preliminary set of new recommendations. Consensus for eight updated recommendations was then reached following three Delphi rounds undertaken by email after the meeting. Each participant was asked to rate their level of agreement (LoA) with each final recommendation again using a 9-point numerical rating scale (1, totally disagree; 9, fully agree) and could propose a reformulation of the recommendation. Because the delay between the SLR and agreement of final guideline was longer than expected, the SLR was updated up to July 2018 (see online supplementary material 1). The steering group discussed the results of this additional SLR and agreed that a fourth Delphi round was required to gain full support from all participants. Finally, the task force agreed that this additional SLR did not impact the overall content of the recommendations.
Recommendation

Recommendations
Level of evidence
Grade of recommendation
Level of agreement
ResuLTs
The task force voted unanimously for changes in all items of the 2006 recommendations (see online supplementary material 1). The literature search yielded 1173 records, of which 83 references were analysed (see flow chart, online supplementary material 1). All the previous recommendations were amended to reflect the updated evidence from the SLR. Four Delphi rounds by email were undertaken to establish the final set of eight recommendations (table 1) .
Ranking details for level of evidence and grade of recommendation: see online supplementary material 1. The LoA (mean±SD) for each recommendation was graded by the task force from 1 (totally disagree) to 9 (fully agree).
ReCoMMendATIons (1) Search for crystals in SF or tophus aspirates is recommended in every person with suspected gout, because demonstration of MSU crystals allows a definitive diagnosis of gout.
Clinical features of gout are due to host defence mechanisms reacting to MSU crystals. The task force agreed that the gold standard for a diagnosis of gout still relies on the demonstration of MSU crystals in fluid or tophus aspirates, as it has 100% specificity. Crystals can be detected by polarised light microscopy in SF aspirated from both symptomatic and asymptomatic joints, particularly the first metatarsophalangeal (MTP) joint and joints previously inflamed. This means that a diagnosis of gout can be established even during the asymptomatic intercritical period after, or between gout flares, so called intercritical gout 16 17 ( figure 1 ). This recommendation is also determined by the absence of an alternative validated diagnostic test and a good safety profile. 18 The recommendation also implies that patients with suspected gout should be referred if needed to a physician with expertise in aspirating and analysing SF.
(2) Gout should be considered in the diagnosis of any acute arthritis in an adult. When SF analysis is not feasible, a clinical diagnosis of gout is supported by the following suggestive features: monoarticular involvement of a foot (especially the first MTP) or ankle joint; previous similar acute arthritis episodes; rapid onset of severe pain and swelling (at its worst in <24 hours); erythema; male gender and associated cardiovascular diseases and hyperuricaemia. These features are highly suggestive but not specific for gout.
The task force recognised that identification of MSU crystals in SF can be challenging because joint aspiration and SF analysis require skills and facilities that are not always present in the primary care setting or in the emergency departments. Moreover, handling and storage of SF in certain cases can affect the reliability of analysis, 20 21 and urate lowering therapy (ULT), by dissolving crystals, can impact the sensitivity of MSU detection. 17 In the previous EULAR recommendations, 13 the first two Figure 1 Recommended diagnostic modalities according to the disease states of gout. The figure shows the continuum from preclinical states (asymptomatic hyperuricaemia and then asymptomatic MSU crystal deposition) to gout (clinical states). The EULAR recommends a three-step approach for the diagnosis of gout. *The first step relies on MSU crystal identification in synovial fluid or tophus aspirates; **If not feasible, the second step relies on a clinical diagnosis (based on the presence of hyperuricaemia and associated clinical features of gout); ***The last step recommends imaging, particularly US or DECT, to search for imaging evidence of MSU crystal deposition when a clinical diagnosis of gout is uncertain and crystal identification is not possible. DECT, dual-energy CT; MSU, monosodium urate; US, ultrasound. recommendations stated that in the absence of SF analysis, a clinical diagnosis of gout can be reasonably made for typical presentations, particularly when patients present with podagra, that is, a gout flare at the first MTP joint. Since then, the predictive values (individually and combined) of typical clinical features of gout have been determined [22] [23] [24] [25] and new classification criteria and algorithms based solely on clinical signs and symptoms have been produced, in patients experiencing 26 27 or not experiencing acute arthritis. [28] [29] [30] Their external validity when compared with SF analysis has also been determined. Overall, both the sensitivities and specificities of these algorithms were greater than 80% for diagnosis as compared with the gold standard of MSU demonstration in SF (table 2) . It must be emphasised, however, that most of these criteria except one 26 are classification criteria [28] [29] [30] and not diagnostic criteria, precluding their use to guide the care of individual patients. 31 Consequently, the task force included in this recommendation the most discriminating clinical and laboratory features for the diagnosis of gout, based on the results of these studies, apart from imaging, which is considered separately in the fifth and sixth recommendations. However, the task force considered that their specificity was not high enough to replace demonstration of MSU crystals in SF for the diagnosis of gout.
(3) It is strongly recommended that SF aspiration and examination for crystals is undertaken in any patient with undiagnosed inflammatory arthritis.
The rising prevalence of gout makes it the most frequent cause of inflammatory arthritis. Its crude prevalence ranges approximately from 1% to 4% in Europe and USA. 2 As atypical presentations of gout are not rare, and crystal identification allows a definite diagnosis of gout, the task force emphasised the need for SF examination in all cases of undiagnosed inflammatory arthritis.
(4) The diagnosis of gout should not be made on the presence of hyperuricaemia alone.
Epidemiological studies show a relationship between seum uric acid (SUA) levels and incident gout, and that not all hyperuricaemic patients have or will develop gout. [32] [33] [34] [35] For instance, only 22% of asymptomatic patients with SUA levels above 9 mg/ dL developed incident gout over a 5-year period. 35 With MSU crystals identification as reference standard, the specificity of hyperuricaemia for the diagnosis of gout is low, ranging from 53% to 61%. 23 26 Therefore, hyperuricaemia alone should be considered solely as a strong risk factor for incident gout 36 and not as a surrogate marker for its diagnosis. Conversely, absence of hyperuricaemia has a markedly low negative likelihood ratio, 22 indicating that after an episode of acute arthritis has settled, the absence of hyperuricaemia does not completely exclude a diagnosis of gout but makes the diagnosis very unlikely. A study found that roughly 10% of people with gout have SUA levels [98] [99] [100] [101] ; MSU crystal identification only 40 50 103 104 ; clinical criteria and/or MSU crystal identification. 49 77 *Pooled data from: 50 MA, meta-analysis; MSU, monosodium urate; NPV, negative predictive value; PPV, positive predictive value.
below 6 mg/dL during gout flares. 37 Thus, the SUA levels have a limited diagnostic value, especially during a gout flare and should be preferably determined at distance from a gout flare. Of note, 15%-25% of people with asymptomatic hyperuricaemia have asymptomatic MSU crystal deposition, 38-41 a finding which supports the concept that there is, in some people, a continuum from asymptomatic hyperuricaemia to gout 9 42 (figure 1). Of note, the definition of hyperuricaemia varies widely across published studies, ranging from 6 to 7 mg/dL.
(5) When a clinical diagnosis of gout is uncertain and crystal identification is not possible, patients should be investigated by imaging to search for MSU crystal deposition and features of any alternative diagnosis.
For patients with atypical clinical features and in whom crystal identification is not feasible, the task force recommends the use of conventional and/or advanced imaging techniques to help the physician diagnose gout. Since the last EULAR recommendations, major advances in imaging of gout have been made, particularly with regard to US, DECT, conventional CT and MRI. 43 All can detect urate deposition, tophi and bone erosion, but there are still uncertainties about the best imaging modality for diagnosing gout. The task force agreed that although all have their strengths and weaknesses, overall US offers the best potential for diagnosing gout (see the sixth recommendation). DECT is promising and has the advantage of differentiating MSU crystal deposition from connective tissues and from calcium containing mineral deposits by their specific X-ray attenuation properties. 43 44 DECT can also quantify the MSU crystal deposition burden in and around joints, [45] [46] [47] and explore 'deep-seated' anatomical structures/regions (eg, spine). The metrological properties of DECT for the diagnosis of gout have been assessed in several studies summarised in table 3. It should be noted that many of these studies have included patients at an advanced stage of the disease, that is, patients often with tophaceous and/or erosive gout with chronic gouty arthritis. Sensitivity of DECT in patients with early disease or without tophi tends to be lower. 40 Typical radiographic features include: bone erosions with overhanging edges and a sclerotic rim; bone proliferation; joint space narrowing, which occur late in the disease course; and soft-tissue masses, sometimes calcified, corresponding to soft-tissue tophi. Plain radiographic changes take several years to develop, so they may be helpful in supporting a diagnosis of gout in the later stages of the disease. In patients with 4 years duration of disease, sensitivity and specificity for erosions were 0.12 and 0.96. 24 US is of major interest for the diagnosis of gout because of its low cost, widespread availability and absence of radiation exposure. Its diagnostic performance with MSU crystal detection as reference test has been assessed in several studies. [51] [52] [53] [54] [55] [56] [57] [58] MSU crystal deposition can be detected in different ways: at the surface of the articular cartilage as a hyperechoic enhancementthe DC sign-within the joint space as floating hyperechoic foci with the appearance of a snowstorm; and within the joint or along tendons as hyperechoic aggregates suggestive of tophi. Sensitivity and specificity of these US features are summarised in table 4. Data from the largest US study showed that these features have high specificity (84%) and that the DC sign and US imaging of tophi perform better than the snowstorm appearance. 51 Overall, sensitivity of the US features is lower in early versus late disease 51 ( The task force emphasises that once a diagnosis of gout is made, identification of person-specific risk factors for hyperuricaemia is crucial, [59] [60] [61] as some of these are modifiable. For instance, there is evidence that gradual weight loss in obese patients lowers SUA levels and reduces the likelihood of gout flare. 62 63 However, as previously emphasised in the EULAR recommendation for the management of gout, 15 the level of evidence to support the effect of lifestyle modification alone on SUA levels is low. 64 65 Nevertheless, because of the high prevalence of cardiovascular comorbidities in patients with gout, 66 implementations of lifestyle modifications are recommended for cardiovascular disease prevention, while prevention of KD and excess alcohol consumption also need to be addressed separately.
(
8) Systematic assessment for the presence of associated comorbidities in people with gout is recommended including obesity, renal impairment, hypertension, ischaemic heart disease, heart failure, diabetes and dyslipidaemia.
This recommendation underlines the importance of screening and managing comorbidities frequently associated with gout, as previously emphasised in the EULAR recommendations for the management of gout. 15 The identification of some of these comorbidities, particularly CKD and cardiovascular diseases is crucial as it has therapeutic implications.
dIsCussIon
This paper provides eight key recommendations for the diagnosis of gout to all physicians, including GPs, on the basis of an SLR and a Delphi consensus involving both experts and patients.
The task force recommends a three-step approach for the diagnosis of gout (figure 1). The first step relies on MSU crystal identification when SF analysis is feasible. If not possible, the second step relies on a clinical diagnosis based on suggestive and associated clinical features of gout and presence of hyperuricaemia. When a clinical diagnosis of gout is uncertain and crystal identification is not possible, the third step recommends imaging, particularly US, to search for imaging evidence of MSU crystal deposition.
In these updated EULAR recommendations, the identification of crystals using polarising microscopy remains the gold standard for the diagnosis of gout owing to its 100% specificity. It is a single sufficient criterion for gout classification according to the 2015 ACR/EULAR gout classification criteria. 28 However, the task force acknowledges that this may have some limitations in a primary care setting where most patients with gout are diagnosed and treated. Indeed, microscopic SF analysis requires both expertise and equipment that are not readily accessible for all physicians. Another barrier is the required expertise in joint puncture, and the challenge of aspirating SF, without patient discomfort, from small joints or from certain anatomical regions such as the midfoot and wrist.
In patients suffering from acute arthritis and in whom SF analysis is not feasible, the task force recommends that the diagnosis of gout flare should be based both on certain suggestive clinical features and the SUA level. The task force considered that the level of evidence to support the use of any of the published algorithms 26 28-30 was not sufficient for the diagnosis of gout in patients suffering from an acute arthritis. Apart from the Janssens' criteria which were developed for use in clinical practice, 26 the other recent algorithms [28] [29] [30] were developed to classify patients and not to make a diagnosis at the individual level. In addition, for some of them, 26 30 it has been shown that disease duration impacts on their performance, with lower specificity in established gout. 67 The six clinical features selected in the second recommendation are derived from several algorithms, particularly the Janssens' rule and the SUGAR study, because these had the best metrological performance among all the assessed variables when compared with crystal identification as reference. 24 26 In the second recommendation, the task force draws attention to the value of SUA levels for the clinical diagnosis of gout. Although there is no accepted definition of hyperuricaemia, 9 the 6 mg/dL (360 µM) threshold has been proposed because the lifelong risk of gout increases above this level. 68 In the SUGAR study, the OR of having gout versus not having gout was close to 6 for SUA levels between 6 and 8 mg/dL, while this OR rose to 39 for SUA levels above 10 mg/dL. 24 However, as highlighted in the fourth recommendation, hyperuricaemia alone should not be used to diagnose gout, and should only be considered when there are suggestive clinical features for the diagnosis of gout. In general, crystallisation of MSU occurs when the SUA level exceeds its saturation point. This is not precisely known but it seems close to 6 mg/ dL. However, nucleation and deposition of MSU crystals are very slow processes depending on multiple genetic and environmental factors including tissue nucleators and inhibitors. Among these, persistently high SUA levels are crucial. 69 Thus, hyperuricaemia is a strong predictor of incident gout but not all patients with asymptomatic hyperuricaemia will develop gout. For instance, a recent study found that only half of patients with SUA levels above 10 mg/dL will develop gout over 15 years. 32 The last decade has brought major advances in our understanding of the natural history of gout. In particular, the identification of a continuum between a preclinical state defined by asymptomatic MSU crystal deposition within joints and tendons, and occurrence of the first gout flare (figure 1), has been facilitated by the use of novel imaging such as US 70 and DECT. 40 This new knowledge has prompted the proposal of a novel staging for gout, which allows a diagnosis during the so-called intercritical period. 8 9 42 Among imaging modalities, US has been the most investigated, particularly in the SUGAR study 51 and by Outcome Measures in Rheumatology (OMERACT). [71] [72] [73] US features, notably the DC sign, have high specificity and good sensitivity, [71] [72] [73] although the specificity is not so high in early gout. One retrospective study found that the DC sign cannot reliably distinguish gout from calcium pyrophosphate deposition disease. 74 However, these findings were not subsequently confirmed by Ogdie et al, who found that the DC sign still had a high specificity 92.9% (85.8-97.1) when compared with subjects with CPDD, 51 Since the advantages of US include low cost, lack of radiation exposure, ease of use and increasing Recommendation availability in clinical practices, the task force prioritised US over other imaging modalities. In addition, US can identify associated inflammation using the Doppler mode. 58 Since the sites for scanning varied across studies and because of a lack of standardisation, the task force recommends screening affected joints and at least both first MTP joints and the knees, which are common sites for MSU crystal deposition. US can also facilitate SF aspiration and MSU crystal identification from joints with US evidence for urate deposits, but without clinical effusion or inflammation. 75 DECT also allows non-invasive detection and characterisation of MSU crystal deposition in joints and soft-tissues. 76 This technique may be helpful particularly in cases where US is not feasible or technically complicated (eg, spinal gout). However, it is not widely available, and in addition to being expensive and involving some radiation exposure, its use is often restricted to secondary and tertiary care centres. Its diagnostic performance, with MSU crystal identification as reference test, seems comparable to US, with a potential superiority for MSU crystal deposition detection in direct comparison with US. [77] [78] [79] [80] As observed with US, sensitivity for the diagnosis of gout is influenced by the duration of the disease, being lower in the early stage of the disease. 40 48-50 Size and density of tophi also seem to influence the sensitivity for MSU crystal deposition detection. 81 82 Lastly, reading and interpretation of images from DECT require skill and expertise, and artefacts that could lead to false positivity have been reported. 81 82 Both US 83 84 and DECT 85 could be useful to assess tophus resolution in response to ULT.
MRI and conventional CT both have the ability to identify MSU crystal deposition. However, their diagnostic performance has been less studied than US and DECT. MRI provides information with regard to the size of tophi, crystal-induced inflammation such as synovitis, and joint damage including bone erosion. [86] [87] [88] [89] [90] CT can also identify urate deposits but is more efficient in visualising bone damage. [91] [92] [93] Therefore, the task force agreed that CT and MRI have limited utility for the diagnosis of gout in clinical practice, as compared with US or DECT.
As in the EULAR recommendations for the treatment of gout, 15 the task force has emphasised in its two last recommendations the need to search for risk factors for hyperuricaemia once gout is diagnosed. Importantly, some risks factors, notably obesity, 63 94 medications (diuretics, low-dose aspirin, cyclosporine, tacrolimus) and diet are potentially modifiable. 15 Lastly, the task force underlines the importance of screening for several comorbidities, in particular obesity, CKD, cardiovascular diseases and components of the metabolic syndrome, which frequently coexist in patients with gout, but for which causality remains controversial. 95 In conclusion, since the EULAR recommendations for the diagnosis of gout were published in 2006, major advances have been made with regard to imaging, clinical diagnosis and understanding of the natural history of the disease. The EULAR recommendations have therefore been revised and updated in the light of these advances in order to better assist the physicians in diagnosing gout.
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